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Abstract—In recent years, the number of portable mobile ter-  However, the existing method assumed that the WiMAX and
minal users is increasing with improvement of the wireless WiFi providers cooperated to improve mean user throughput.
communication environment. In addition, mobile multimedia Therefore, in the case where the providers do not cooperate

services also bring the increase of wireless traffic and lack of and pursue only their own interests, this method might not
spectrum resources. As a technique for efficient spectrum use, work properly.

spectrum sharing receives much attention. It dynamically assigns
a spectrum channel from a larger area network such as WiMAX In such a case, spectrum trading methods had been pro-
to smaller area networks such as WiFi-based wireless LANs and posed [6], in which spectrum bands are bought and sold among
achieves to increase the total wireless communication capacity providersi While most of these works assumes that providers
of this area. In a case where all providers are cooperative, ... ogtimate their gain and loss caused by spectrum trading, it

the spectrum sharing can be realized easily and improve user . o . - ) .
throughput in average. In another case where providers are not IS VETY difficult in fact since users’ behavior has to be modeled

cooperative, some spectrum trading methods based on auction €Xactly.

theory had been proposed. Although such an existing method : .
assumes that providers can estimate their gain and loss caused In this paper, we propose a spectrum sharing method that

by spectrum sharing, however, it is very difficult in fact since Work.s properly even between non-cooperatl_ve WIMAX/.V.VIFI

they need to model the users’ behavior exactly. In this paper, we Providers by introducing a threshold to assign an additional

propose a spectrum sharing method that works properly between ~ channel from a WiMAX base station (BS) to WiFi access

non-cooperative WiMAX/WiFi providers. It is achieved by simple ~ points (APs). It is necessary to adapt the threshold of spectrum

and adaptive parameter management. Finally, we confirm the sharing to the environment. Therefore, we also propose an

effectiveness of the proposed method by simulation experiments. adaptive threshold management, which is a learning algorithm
for the threshold to match the spectrum demand.

Keywords- WIMAX/WiFi Integrated Network; Spectrum Shar-

The rest of the paper is organized as follows. In Section 2,
ing; Spectrum Assignment; Cognitive Radio bap 9

we introduce spectrum sharing technology and some existing
methods. In Section 3, we elaborate our proposed method. Its
. INTRODUCTION performance is evaluated by simulation experiments in Section

) . o 4. Finally, Section 5 presents some conclusions and indicates
With advances of wireless transmission technology (e.94,ture work.

WIMAX [1], [2], WiFi [3] and Cellular), mobile commu-
nication environment is greatly improved. People can get
multimedia services via these networks and the demand will Il. SPECTRUMSHARING

grow as much as in wired networks. A. Integrated Network

On the other hand, the available radio spectrum resources c " t of wirel ¢ ind dently d
for a particular wireless systems are getting scarcer. Since radio la”eT?] Y, TOS ? er]?tﬁss SYyS dems ?jre [[n faplen en 31 e
spectrum is statically allocated to licensed wireless providersy'9N€d. 1he Intégration of those independent wireless systems,
some frequency bands are unused in any time and locatio owever, is able to provide wireless users a seamless access.

In order to improve the wireless spectrum utilization, effective |N€T€fore, in recent years, integrated network such as the
integration of multiple wireless networks is required. Cellular/WiFi integrated network [7], [8] have been researched

actively. As a typical heterogeneous wireless integrated net-
Utilizing the cognitive radio technology[4], wireless sys- work, we focus on integration of WiMAX and WiFi. The
tems can share wireless spectrum in heterogeneous networksrmer system whose coverage area is several kilometers wide
With spectrum sharing, it was confirmed that the frequencycan achieve Quality of Service (QoS). The latter system can
usage is improved in WiIMAX/WiFi integrated network [5]. cover only several hundred meters, although, spread widely.
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As shown in Fig. 1, in the integrated network, mobile usersnumber of users who connect to the system is used as the

are connected to the best wireless systems, which are chosewaluation value of Genetic Algorithm (GA). By using GA

in terms of user (e.g., application and mobility) and systermmunder the constraint to disallow to assign the same spectrum

(e.g., traffic congestion). Therefore, users can have bettdo adjacent WiFi APs, it is possible to assign channel without

communications and systems also achieve load balancing [9hterference among selected APs. However, this spectrum
assignment method works properly only for a cooperative
situation, for example, the same provider owns both WiMAX
BS and WiFi APs.

(“ 8WiMAX user In a non-cooperative environment, spectrum sharing may
degrade the WiMAX system throughput due to the decrease of
the available WiMAX spectrum. Therefore, spectrum trading
@Wiﬁ user method has been proposed. It adopts money trading as a
motivation for spectrum sharing [6].

8 WiMAX Spectrum trading method based on auction theory is one of
the major methods to share frequency band in non-cooperative
providers [13], [14]. In this method, each WiFi provider bids

Figure 1: AP selection strategy for an additional channel. By considering these offers, the
_ WIMAX provider selects an assignment pattern that maximizes
B. Spectrum Sharing Model the WIMAX provider's revenue. This enables the WIMAX

%rovider to obtain additional profit by lending channels and
the WiFi providers to increase their effective bandwidth and
ser throughput. According to the profit which systems will
et, providers decide to sell or buy channels. However, it is
Ifficult to guess the right profit due to the difficulty to model
fgact user behavior, e.g., users may dynamically change to
nnect to a more comfortable system[14].

Spectrum sharing technology has emerged to improve th
spectrum utilization in wireless networks. With the aid of
cognitive radio, a spectrum owner (or primary system) shareld
their licensed spectrum for secondary systems, which has
priority to the band [10]. Since two or more secondary system
can use the same spectrum when they are not adjacent, t
total wireless communication capacity increases. In the case®
of WiIMAX/WiFi integrated network, spectrum channels of the
WIMAX system are temporarily assigned to WiFi APs and it
improves the whole network capacity[11]. A. Concept

Ill. PROPOSEDMETHOD

As shown in Fig. 2, a centralized control server named We propose a spectrum sharing method based on the auc-
spectrum manager controls the spectrum assignment and coien system with adaptive threshold management between non-
lects necessary information for the assignment from a WiMAXcooperative WiMAX/WiFi providers. The proposed method
BS and WiFi APs inside the WIMAX BS service area [12]. relies on a simple management scheme by utilizing a threshold
Also, the server searches for the optimal assignment pattefmarameter which WiMAX provider sets as a minimum price
of WiFi AP. per channel. On the other hand, the threshold control is im-
Spectrum manager portant for an effective spectrum sharing. Therefore, WiMAX
provider needs to learn and adapt the threshold parameter to
the environment. For this purpose, we also propose a learning
algorithm to decide an appropriate threshold. Note that this
algorithm does NOT depend on the users’ behavior modeling.

B. Network Model

We consider a heterogeneous network, that consists of one
WIMAX BS and multiple WiFi APs contained in the BS
covered area. Suppose the WiFi Aprovides throughpuf’;
per a contacted user , fore W,;; (a set of all WiFi AP).

Figure 2: spectrum manager On a condition to leave at least one channel for BS, at most
N-1 channels of WIMAX are provided to APs, where N is the

o _ number of channels primarily allocated to BS.
C. Existing Spectrum Sharing Method

The protocol design for spectrum sharing depends on th&- Threshold of Sharing Channel
relation between WiMAX and WiFi providers (i.e., cooperative ~ Each WiFi AP submits a price for an additional channel
or non-cooperative). In a cooperative environment, providergased on the demand of the spectrum which can be described
cooperate with each other to improve the average user throughy provided throughput to each user. When an AP has larger
put. On the other hand, non-cooperative providers pursue theifumber of connected users, each user receives less throughput.

own profit. Therefore, price per channdl; offered by WiFi AR is
According to [5], spectrum sharing in cooperative networkformulated as oz L
improves the overall average throughput. In this method, the Ui = T, (1)
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Since we suppose all APs have basically the same strategy
get an additional channel, is a constant value.

Meanwhile, WIMAX provider sets the minimum price per
channely. The condition that WIMAX gives its spectrum
resource to WiFi is described as

Z Ui >Y, (2)

iEWaa

where Wg4 is a set of WiFi APs receiving an additional

channel. Though the number of available spectrum channels
the WIMAX BS decreases, this enables the WiIMAX provider
to obtain additional profit more tham by lending channels.

Sincez is constantz andy can put into one parameter
My, (WIMAX threshold) as

S LYo, @3)

) T; T
1EWaa

D. Channel Assignment

As shown in Fig. 3, a spectrum channel can be assigned"
two or more APs which are not adjacent to each other. Whe
a channel is assigned to an AP, the AP can use twice as mu
bandwidth. Thus, the spectrum demand of an AP which i
assigned one or more channels will decrease and the AP w
submit lower price for another additional channel. Therefore
WiFi AP changes the price of one channel by the number ¢
the channels it receives.

The target APs for assignment and the number of assigneu
channels are decided according to the following steps.

1) WiFi APi decides the paymerif;.

2) WIMAX provider selects the assignment pattern that
maximizes the sum of payments offered by WiFi APs.

3) If the revenue of lending the channels exceeds
WIMAX provider performs the channel assignment.

4) Repeat Steps 1 to 3 until N-1 channels are leng or
exceeds the revenue from the target WiFi APs.

Note that, the condition of providing spectrum in Step 3 can
be described by (2).

WiMAX

T Offered price

TSpectrum
assign

C Change a >
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Figure 4: Flowchart of management
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Figure 5: Flowchart of managemenf,;,

Figure 3: Channel assignment share spectrum effectively. Therefore, we propose a learning

algorithm to find the appropriat&/,; value dynamically.
According to the collected data @ff;;, and average users’
throughputTy,;;, « is added or subtracted tf;;,, wherea is

E. Adaptive Threshold Management

When the threshold of sharing spectruif,, is too small, a variable. User throuahout is given
large part of the bandwidth is sold at a low price. On the otheft Varanie. Lse oughput IS given as
hand, frequency is not shared whef, is too big. Therefore, T., x C
it is necessary to set/,;, to an adequate value in order to Tusr =—F— 4)
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whereT,;, is the maximum system throughput per one channel, We choose two methods for comparison. One is the existing
C is the number of available channels for the connected systespectrum assignment method [5]: described in section 2.3,
and U is the number of users connected to the sysid.is  this method allocates a spectrum to improve the overall mean
varied bya to improveT,;;. Also, a represents the sensitivity throughput in a cooperative network. The existing method is a
of M,,. We defineN,, as the number of assigned channels.kind of ideal method in non-cooperative network. The other is
Larger« leads to a drastic change of.;, so thatMy, can be  the method that does not share any spectrum. As a performance
an adequate value quickly. In other words, howewér, may  measure, we observed the average throughput.

be unstable. In the contrary, smallerdeads to a fine changes
and more stablé/,;,, but results in slower adaptation time to
reach an adequatkl,; value. Therefore, we need to adjust
value as well. We propose an algorithm to adjasvalue as
shown in Fig. 4.

WIMAX keeps growing,« is set larger. In the case where ally, because WiFi APs are set up in places where people gather

the number of assigned channels changes greatly, such as z&fed-, cafe and office), in order to emulate those environment,
to N-1, a is set smaller. we differentiate the arrival rate in a cell with and without WiFi
AP.
Fig. 5 shows the flowchart of the threshold management.

Moreover, to evaluate the performance of the adaptig
management, we adopt another compared method céiled
method that uses a fixed\/;;,. The fixed M,;, can be found
by several trials and maximizes the average throughput.

For M,;, management, we set/;;, and o to 0.1 as the
initial value. Note that, we found that they are not so sensitive
by preliminary experiments.

In this section, we evaluate the performance of the pro-
posed method to show its effectiveness by simulation experi-

IV. PERFORMANCEEVALUATION

ments. TABLE I: PARAMETERS SETUPS
; ; interval time of spectrum assignment 300 [sec
A. Simulation Model arrival rate in agell with WiF?AP A [1/[sec]]
As a network model, which is shown in Fig. 6, we set one arrival rate in a cell without AP | 0.1\ [1/sec]
WIMAX BS including 10 x 10 = 100 cells where randomly file size 10 [MB]
selected 50 cells had WiFi AP. APs in adjacent cells interfere _ traffic best effort
with each other. initial My, 0.1
initial 0.1

The spectrum bandwidth of the WIMAX was set to
100[MHz] and each WiFi AP was allocated in units of
20[MHz]. Each WiFi AP could use the one channel of ) )
20[MHz] except any channels assigned from WiMAX. In B. Simulation Results
addition, WiMAX BS was assumed to provide 20[Mbps] per  the number of assianed channels from WiMAX BS to
10[MH_z].acc0rding to the evaluation in WiIMAX Forum [_15]’ WiFi APs with fixed Mthgis shown in Fig. 7. For a smaller
and W'F' AP supportgd 17.5[M_bps] per channel according WQalue of M, more and more spectrum channels are shared
our preliminary experiments using ns-2 [16]. We assumed thalince WiFi AP can obtain the spectrum with lower cost. In
an AP could use any additional channels with no delay [17].contrast, for a largei;s, it is difficult for APs to get channels.
Therefore,M;;, can control the number of the shared channels
WIMAX and WiFi APs.

4 T T T

The number of channels
N
T
1

Figure 6: Network model

.
0 10 20 30 40
When a new user arrives at a cell with a WiFi AP, he/she Myp
connects to the WiFi and downloads a file. Otherwise, the-. . . . - .
user connects to the WiMAX. In addition, users were stayingiliuge;' Mean number of assigned channel with varialfjg:
in the arrival cell until the end of downloading. Calls occurred ’
following a Poisson arrival process.
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In Fig. 8 under the condition whera is fixed, M;, 10 T
converges due to the adaptive;;, management. When | ‘
is low, My, is also low since the demand of the spectrum s b ﬂ \‘ | ;
channels from the WiFi APs are low. As the price that the ‘\‘ | yt | ‘ﬁ‘ ”
WiFi AP submits increasell,;, converge to a higher point to M i ‘\Ms\ \ RER
lent a channel at a high price. il w\w”‘ﬁﬁd“w ”11'

Prtl)posed method
Fixed method

Al
\M\ i

R
6 (U\ WM“\ t

|
BRI
‘ H UJ ‘[J‘
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Fig. 9 indicates that the existing method and the proposed
method improve the average throughput against non-sharing
method, since the capacity of the system increased by assign-
ing channels from WIMAX BS to several WiFi APs. For a 2
smaller )\, the average throughput of the proposed method is W
higher than that of the existing method since we introduce 0 ! ! !
a learning algorithm and obtain feedback of the spectrum 0 50 100 150
assignment interval time. On the other hand, for a larger The number of My, changes
A, the average throughput of the proposal method is loweFigure 10: Overall throughput undér,;, changes \ = 0.2,
because the biggex, results in the highen/,,, due to this, fixed Ar,;, = 3.8
the algorithm tries to converges to a smaller value resulting in
a longer transient state.

Throughput [Mbps]

%0 ' ' The result shows that/;;, can adapt to the environment

where ) is fixed. Consequently, it is confirmed that the
proposed method can assign spectrum well even if the WiMAX
provider and WiFi providers are non-cooperative.

25

Moreover, according to [18], the mobile communication

£ Br traffic in a day varies. It states that the traffic reach its peak at
23.00 and then decreases over the early morning. In addition,
10 there is a three times difference in the maximum and the
minimum traffic. To conform with this fact, we model the
Sr i variation of A as shown in Fig. 11 and observe the average
— . . of users’ throughput over 30 days.
0.15 0.2 0.25 0.3
Arrival rate [1/s] 0.35 : : :
Figure 8: Converged/,;;, with variable \
q
15 T T i‘
Proposed method —+— =
1 Existing method =
— \ Without spectrum sharing ---x-- o
é- \\\ g
= 10 - =3
5 \\
£ Ty . 0.05 | .
3 ~=
§ 0 ! ! !
o 5L T i 0 6 12 18 24
N Time [h]
2
% R o | Figure 11: Time-varyingh
0 1 1
0.15 0.2 0.25 0.3

Figs. 12 and 13 show the change &f;, and the average

throughput under time-varying. In the morning with a low
Figure 9: Average throughput with variable traffic, M, is low to share spectrum easily. In contrast, the
heavier the mobile traffic, the higher;;, to refrain from

The example of transient state of adaptivg, manage- loaning channels out cheaply.
ment is shown in Fig. 10. In the transient state, which is soon Fig. 13 indicates that although proposed method includes
after the start of spectrum sharing, users’ throughput of the delay in comparison with the existing method, the users’
proposed method is lower sindd;; is so small that many throughput of the proposed method is much higher than that
frequency bands of WiIMAX BS are lent out. After the transientof the non-sharing method. Therefore, the results confirm that
state passes, the overall throughput of the proposed methodtise proposal method can improve throughput in a practical
as high as that of the fixed method. situation.

Arrival rate [1/s]
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Figure 13: Overall throughput with time-varying 12

V. CONCLUSIONS

In this paper, we described the advances in wireless cont?®!
munication technologies and the lack of frequency resources.
Next, we introduced integrated wireless network and spec-
trum sharing technology in heterogeneous integrated networ 4
Different spectrum sharing methods and their problems wer
outlined. We proposed a spectrum sharing method using a
minimum channel price threshold, which enabled WiMAX
to control the spectrum sharing between non- cooperatlv?l5]
WIMAX/WiFi providers. In addition, adaptive parameter man- 1
agement was proposed. Finally, we showed that the proposé%l
method could assign spectrum efficiently and improve the use[h]
throughput by simulation experiments.

As a future work, we consider to improve the adaptation
speed of the threshold and enhance the proposed method that
supports multiple WiMAX BSs consideration. [18]
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